Objectives: This study aimed to investigate a wide variety of factors that influence auditory, speech, and language development following pediatric cochlear implantation (CI).
4
the Pervasive Developmental Disorder ASJ Rating Scale for the test of autistic tendency, and those <2 SD on Raven's Colored Progressive Matrices for the test of non-verbal intelligence, 190 children were subjected to this set of language tests.
Results: Sixty children (31.6%) were unilateral CI-only users, 128 (67.4%)
were CI-hearing aid (HA) users, and 2 (1.1%) were bilateral CI users.
Hearing loss level of CI users was significantly (p < 0.01) worse than that of HA-only users. However, the threshold level, maximum speech discrimination score, and speech intelligibility rating in CI users were significantly (p < 0.01) better than those in HA-only users. The scores for PVT-R (p < 0.01), SCTAW, and WFT in CI users were better than those in HA-only users. STA and TQAID scores in CI-HA users were significantly (p < 0.05) better than those in unilateral CI-only users. The high correlation (r=0.52) has been found between the age of CI and maximum speech discrimination score. The scores of speech and language tests in the implanted children before 24 months of age have been better than those in the implanted children after 24 months of age.
Conclusions: We could indicate that CI was effective for language

Introduction
Management of CI in infants and children is one of the most striking advances for congenital severe to profound hearing loss. Several studies have shown that early implantation can be beneficial not only for speech perception, but also for the development of speech and language (1) (2) (3) . Moreover, early intervention for children with hearing loss facilitates successful educational integration at the earliest possible age (4).
More than 20 years have passed since the first pediatric CI surgery was performed in Japan. Many hearing-impaired children are now benefiting from this device. However, the long-term benefits for Japanese CI users have rarely been reported. In particular, language development after CI among Japanese children has not often been investigated.
Language development outcomes among children with prelingual hearing impairment have been studied in Indo-European languages, but language differences may have an effect on language development in children with CI. In addition, differences in national and local education systems may make a difference to language development. To determine the effect of CI, we examined language development in different language and/or social 7 systems.
Language differences may add other difficulties; for example, interpretation of Japanese language test results may not be comparable with that of English or other European language tests. To reduce these difficulties, we have established the assessment package of the language development for Japanese hearing-impaired children (ALADJIN) as a language performance evaluation tool for hearing-impaired children.
ALADJIN includes several Japanese language tests that are directly comparable with previously reported English tests, including the Peabody Picture Vocabulary Test-Revised (PVT-R) and Test for Reception of Grammar (TROG)-like syntax tests (e.g., the Syntactic processing Test for Aphasia; STA). These tests all have their own distinctive emphasis and evaluate different aspects or domains of language.
In 2010, we assessed the current status of hearing-impaired children in Japan through a project called Research on Sensory and Communicative Disorders (RSCD). ALADJIN was used in this nationwide research project.
The RSCD was originally intended to assess the effectiveness of interventional methods for hearing-impaired children. As part of the RSCD 8 survey, we evaluated the domain-specific language status of Japanese hearing-impaired children with CI, not only in selected institutes and schools that potentially yield biases, but in a wide variety of institutes in Japan.
Thus, the objective of this study was to evaluate the development of interpersonal communication skills (IPCS) in hearing-impaired children with CI using the ALADJIN data set from the RSCD nationwide research project.
Materials and Methods
All ALADJIN tests were conducted by trained audiologists, speech pathologists, or deaf school teachers in a noise-minimized compartment. Audiometry for evaluation of hearing level, pure-tone threshold, speech discrimination test, and speech intelligibility rating (5) were measured in a sound-attenuated room of the relevant hospital. The study design was approved by the ethics review board of the Association of Technical Aids. 
Test battery
We used the test for question-answer interaction development previous studies (9, 10) . Only school-aged children were subjected to this test.
The STA evaluates comprehension and production of syntactic structures. The children were asked to choose one of the four pictures appropriate to the tester's presentation (comprehension test) or to express a sentence according to a picture that the tester indicated (production test) (11) . The tests evaluated understanding and expression of irreversible sentences, reversible sentences, Japanese suffixes (Jyo-Shi), and other syntactic structures, including relative pronouns.
To evaluate additional handicaps other than hearing impairment, the Pervasive Developmental Disorder ASJ Rating Scale (PARS) test for autistic tendency (12) and Raven's Colored Progressive Matrices (RCPM) test of non-verbal intelligence (13) were used only in school-aged children.
Statistical analyses
All statistical values were calculated using IBM SPSS Statistics 18 software (IBM Corp., Armonk, NY, USA). Correlations and standard deviations within each group were examined. The scores of the language 13 tests (PARS, RCPM, PVT-R, SCTAW, WFT, STA, and TQAID) were translated as Z-scores from the results of each test in each age group.
Results
There were significant (p < 0.01) differences in the scores of average hearing loss level, average threshold level with hearing devices, maximum speech discrimination score, and speech intelligibility rating between CI users (unil CI-only or CI-HA users) and HA-only users ( Figure   4 ). Hearing loss level of CI users was significantly lower than that of HA-only users. However, the threshold level, maximum speech discrimination scores, and speech intelligibility rating of CI users were significantly better than those of HA-only users. The scores of the PVT-R, SCTAW, and WFT tests, which evaluate vocabulary, were higher in CI users than in HA-only users ( Figure 5 ). There was a significant difference (p < 0.01) in the results of the PVT-R test. The scores of the STA ( Figure 6) and TQAID ( Figure 7 ) in CI-HA users were significantly higher (p < 0.05) than those in the unil CI-only group.
The high correlation (r=0.52) has been found between the age of CI 14 and maximum speech discrimination score (Figure 8 ). The average scores of speech and language tests in the implanted children before 24 months of age have been better than those in the implanted children after 24 months of age ( Table 1 ). The average scores of WFT (evaluation of productive vocabulary) and comprehension and production tests of STA (evaluation of syntactic structure) were significantly better in the implanted children before age of 24 months compared with the implanted children after age of 24 months.
Discussion
To evaluate the language development in the typical hearing-impaired children, we have made exclusionary criteria to standardize the subjects in this study. We excluded the hearing-impaired children with birth weights <1800 g who scored >11 points on the PARS test and <2 SD on the RCPM. Very low birth weight children are at a high risk of neurosensory disability, including developmental delay, behavioral problems, and learning disabilities (14) . Long-term follow-up studies have also emphasized the prevalence of significant neuropsychological and 15 behavioral deficits at school age in children of very low birth weight (15) .
Therefore, we excluded children with birth weights <1800 g to reduce the influence of developmental disabilities in our evaluation of communication skills. The PARS and RCPM tests determine the presence of pervasive developmental disorders and non-verbal intelligence, respectively. The scores in these tests were not significantly different among unil CI-only, CI-HA, and HA-only users. Consequently, children with developmental disabilities were excluded from the present study. However, children with ANSD (auditory neuropathy spectrum disorder) could not been excluded, because we did not get the data of ABR and OAE in this study.
Speech development for prelingual deaf children depends on optimal amplification with a CI or HA. Language acquisition is a high priority among deaf children who receive CI. During the 1990s, the following factors were considered to be associated with good speech and HA-only group. Children with CI achieve better threshold levels, speech discrimination, and intelligibility compared with HA-only users. ** p < 0.01, CI: cochlear implant, HA: hearing aid The high correlation (r=0.52) has been found between the age of CI and maximum speech discrimination score. 
